CM 
< 

CO 
00 



(19) 



J 



(12) 



(43) Date of publication: 

12.05.1999 Bulletin 1999A1 9 

(21) Application nuiT^er: 981 2034a9 

(22) Date of filing: 27.1 0.1 998 



EuropSisches Patentamt 
European Patent Office 
Off tee europ6en des brevets (11) EP 0 914 864 A2 

EUROPEAN PATENT APPLICATION 

(51) Inta^: B01J 20/18, B01D 53/94 



(84) Designated Contracting States: 


• Kanazawa, TakaakI, 


ATBECHCYDE DKESRFRGBGR IE IT LI LU 


c/o Toyota Jidosha ICK. 


MC NLPTSE 


Achi-ken, 471-6571 <JP) 


Designated Extension States: 


• Sakural, KazuhIro, 


AL LT LV MK RO SI 


c/o Toyota Jidosha K.K. 




Achi-ken, 471-8571 (JP) 


(30) Priority: 28.10.1997 JP 295214/97 




21 .08.1998 JP 235913/98 


(74) Representative: 




Winter, Brandl, FQmiss, HQbner, ROss, 


(71) Applicant: 


Kaiser, PoHe, Kindermann 


TOYOTA JIDOSHA KABUSHIKI KAISHA 


Partnerschaft 


Aichi-ken 471-8571 (JP) 


Patent- und RechtsanwaHskanzlei 




Alols-Steinecker-Strasse 22 


(72) Inventors: 


85354 Frelsing (DE) 


• Hirayama, HIroshI, 


c/o Toyota JIdosha K.K. 




Achl-ken, 471-8571 (JP) 





(54) Hydrocarbon-Adsorbent 

(57) An HOadsorbent capable of adsorbing various 
kinds of hydrocar1X)n including lower and h\Qh& hydro- 
cartx)n, of which the adsort)able amount per unit vol- 
ume is large, and which exhOnts excellent durability at 
elevated temperatures. The HC-adsort)ent is composed 
of a first zeolite of ZSM-5 of which the silica/alumina 
(Si02 /AI2O3) mole-ratio is 500 or more, and a second 
zeolite of Y-type zeolite of which the silica/alumina (SiOa 
/AI2O3) mole-ratio is 200 or wore. The second zeolite 
mainly adsortis higher hydrocart)on while the frst zeo- 
lite mainly adsoft)s lower hydrocarix)n, thus enabling 
adsorption of many kinds of hydrocarbon. 
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Description 

BACKGROUND OF THE INVEMTION 
5 Reld of the Invention 

[0001] TTie present invention relates to hydrocartxsn-adsorbents capable of effectively adsorbing fiydrocarfoon (HC) 
in exhaust gases emitted from gasoline engines or the like. 

10 Descr^on of Related Art 

[0002] Zeolite having another name of molecular sieves has pores of vk^ich the dimensions are nearly equal to those 
of molecules, and consequently has been used as adsori^ents and catalysts in many reactions. Zeolite contains cations 
adapts to neutralize negative charges of aluminum oxide, which are readily exchanged with another cations in aque- 
15 ous solutions thereof, so as to be used as cation-exchangers, too. 

[0003] Recemiy, application of zeolite having tiie above-described properties to catalysts for purifying exhaust gases 
of automobiles has been investigated. In Japanese Patent application-laid open No. Heisei 3-232533, for example, a 
catalyst for purification of exhaust gases, which is compost of zeolite carrying noble metals such as platinum or pal- 
ladium, is disclosed. 

20 [0004] Zeolite itself is. however, low In carrying properties of such noble metals, and oonsequenfly. the amount of car- 
ried noble metals is too small to exhibit sufficient oxiding ability. Since tiie catalyst is not activated at 300 **C or less, in 
case the exhaust gas temperature is low. such as at an engine starting time, HC In exhaust gases cannot be suff icientiy 
purified. When tiie engine is in the cold state where an air-fuel mixture having a higher fuel concentration tiian that 
under normal engine operation, is supplied, tiie amount of hydrocartwn contained in exhaust gases is great. Conso- 
ls quently, it is desired to purify hydrocartx)n effectively particularly when the engine is started or in the cold state. 

[0005] To tills effect, recently, zeolite has been used as an HC-adsorbent. In Japanese Patent application-laid open 
No. Heisei 5-317701. for example, there is a disclosure ttiat zeolite as an HC-adsort>ent, which has a pr«ietermined 
range of SIO2/AI2O3 nK)le-ratlo. is used along with an oxidation catalyst, thereby improving the purifying performance of 
HC when the engine is started in the cold state. 
30 [OOOS] By using tiie oxidation catalyst and adsorbent togetiier in the low temperature range. HC is adsorbed by ttie 
adsort>ent temporarily to restrain the emission thereof. When the temperature of tiie adsorbent rises to a predeterntined 
temp^ature or more, the adsort>ed HC is emitted, and oxidized and purified with the oxidation catalyst existing near the 
adsorbent Thus. HC can be purified stably from tiie lower temperature range to tiie higher temperature range. 
[0007] In addition, in Japanese Patent application-taid open No. Heisei 6-154538. tiiere is a disclosure about tiie 
35 method of disposing zeolite downstream of a three-way catalyst in an exhaust gas flow to adsoria HC in exhaust gases 
in tiie low temperature range, and emitting adsorbed HC in tiie elevated temperature range, thereby purifying exhaust 
gases. Witii tiiis metiiod. HC which has been emitted when tiie engine Is started in tiie cold state can be purff led effec- 
tively with the three-way catalyst. 

[CCt»] And. in Japanese Patent aw5licatlon-laid open No. Heisei 7-881 78, ttiere is a disclosure that zeolite composed 
40 of at least one of ZSM-5, mordenite, Y-type zeolite and X-type zeolite is us«J as the HC-adsorbent and that the pre- 
ferred SiOa/AiaOs mole-ratio of zeolite ranges from 15 to250. 

[0009] The HC«adsorbent using z^iite has. howe/er. tiie problem tiiat tiie adsorption efficiency greatiy depends on 
the kinds of HC. More specifically, higher HC of which the number of carbon is 4 or more is adsori^ed at a relatively 
higher rate. In contrast, lower HC of which tiie number of cartx}n is 3 or less is difficult to be adsorbed. The HC-adsorl)- 
45 ent adapted to be secured to an exhaust system of an engine is also required to exhibit durability at elevate tempera- 
tures up to about 800"C. 

SUIWIMARY OF THE INVENTION 

so [001 0] It is an object of the present invention to provide an HC-adsoibent capable of adsortDing various kinds of HC 
witii a large amount of adsorption per unit vdume, and exhibiting excellent durability at elevated temperatures. 
[001 1 ] Witii a first aspect of tiie present invention, the HC-adsorbent is composed of a first zeolite including ZSM-5 of 
which tiie Si02 /AI2O3 mole-ratio is 500 or more, and a second zeolite inducing Y-type zeolite of whk:h tiie 'SIO2 
/AlaOa/mole-ratio is 200 or more. 

55 [001 2] With a second aspect of ttie present invention, tiie HC-adsoibent is composed of a first zeolite including ZSM- 
5 of which tiie Si02 /Ai203 mde-ratio is 500 or more, and a second^eolite including mordenite of whtoh ttie'Si02 /AI2O3 
mole-ratio is 100 or more. 

[001 3] With a tiiird aspect of tiie present invention, tite HC-adsorbent is composed of a first zeolite including morden- 
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ite of which the Si02 /AI2O3 mole-ratto is 100 or nwe. and a second zeolite including Y-type zeolite of which the Si02 
/AI2O3 mole-ratk) is 200 or more. 

[0014] With a fourth aspect of the present inventioa the HOadsorbent of the f irst, second or third aspect has the 

weight ratio of the first zeofite to second zeolite ranging from 50/50 to 85/1 5. 
5 [001 5] With a f ifth aspect of the presort invention, the HC-adsort>€nt of the f irst, second or third aspect further has at 

least one of Ag and Pd, which is carri«J by at least one of the first zedite and second zeolite. 

[0016] With a sixth aspect of the present invention, the HC-adsort)ent is composed of a first zeolite including ferrierite. 

and a second zeolite including at least one of ZSM-5 of which the Si02 /AlgOa mole-ratio is 500 or more, Y-type zeolite 

of which the SiOa /AI2O3 mole-ratio te 200 or more, and mordenite of which the Si02 /AI2O3 mole-ratio is 100 or more. 
10 [001 7] With a seveith aspect of the present invention, the HC-adsort>ent of the sixth aspect further has at least one 

of Ag and Pd. which is carried by ferrierite. 

[0018] Zeolite is a salt of aluminosllicate. chemically, and variois types of zeolite having various Si02 /AI2O3 mole- 
ratios have been known. It has become clear that the catalyst properties of zeolite greatly change with the SiQa /AI2O3 
mdeHfatia 

IS [0019] Zeolite of which the Si02 /AI2O3 mole-ratio is small has a large number of add centers, high cracking ability, 
and high HC-adsoibing ability. However, zeolite having a large number of acid centers has the defect ttet HC adsort>ed 
in the pores is cart)onized to generate caulking readily and dose the pores, theretiy deaeasing the HC-adsorbing ability 
with time. 

[0020] And zeolite having a large number of ackj centers has another defect that upon performing a hydrothermal 
20 endurance test. s^)aration of aluminium occurs (coordination number in zedite structure changes from 4 to 6) so that 
the acid centers disappear readily, thereby decreasing the cracking ability. In constrast. zedite of which the Si02 /AI2O3 
mde-ratio is large has a small number of acid centers so that the cracking abilrty is low, t)ut has the advantage that the 
HC-adsorption ability does not decrease with time, because no caulking of pores occurs. 

[0021] With the first through fifth aspects of the present invention, mordenite of which the Si02 /AI2O3 mole-ratio is 
25 100 or more, Y-type zeolite of which the Si02 /AI2O3 mole-ratto is500 or more, or ZSM-5 of which the Si02 /AI2O3 mde- 
rattois 500 or more is us^ as each of the first zeolite and second zedite. 

[0022] In addition, it has become clear that there is a correlation between the pore diameter of zeolite and the number 
of cartxjn (molecular volume) of HC adsorbed in the pores. For exanple, the nrolecular diameter of ethane (C2H6) of 
which the number of carbon is 2 about 4 A. that of propane (C3H8) is about 4.89 A and that of toluene (CyHs) is about 

30 6.89 A. In contrast, the pore diameter of ZSM-5 is 5.5 A, that of mordenite is 7 A, and that of Y-type zedite is 8 A. 
[0023] More specifically, tduene can be adsorbed in the pores of mordenite and Y-type zeolite, but cannot be 
adsorbed in the pores of ZSM-5. Propane and ethane can be adsorbed in the pores of all kinds of zeolite, but since the 
pore diameter of Y-type zeolite is too large, as compared to the molecular diameter of propane and ethane, there is a 
possibility of adsorbed molecules escaping through the pores. 

35 [0024] Consequently, in the pores having smaller diameters. HC d which the number of cartx)n is smaller and molec- 
ular vdume is snrsller is adsorbed mainly while in the pores having larger diameters, HC of which the number of carbon 
is larger and mdecular volume is larger is adsorbed mainly. Namely, HC of whteh the number of carbon is smaller and 
mdecular volume is smaller tends to be adsorbed on ZSM-5 while HC of whtoh the number of cartson is larger and 
mdecular volume is large- tends to be adsorbed on Y-type zedite. And mordenite tends to adsorb HC of whfeh the 

40 mdecular volume is in the medium range. 

[0025] Accordingly, HC-adsorbent d the first aspect of the present invention is composed of a first zeolite of ZSM-5, 
and a second zeolite d Y-type zedite. Consequently, HC of which the nurhber of carbon is smaller and molecular vol- 
ume is smaller is adsort>6d mainly on ZSM-5 while HC of which the number of carbon is larger and molecular volume 
is larger is adsorbed mainly on Y-type zeolite. 

45 [0026] The HC-adsorbent of the second a^ect of the present invention is composed of a first zeolite d ZSM-5 and 
a second zeolite d mordenite. With this anangement. HC of which the number d cartwn is smaller and molecular vol- 
ume is smaller Is adsorbed mainly on ZSM-5 while HC of which the number of carbon in the medium range and 
mdecular volume is in the medium range is adsort)ed nrainly on nrordenite. 

[0027] The HC-adsorbent of the third aspect of the present invention is composed d a first zedite of mordenite. and 
50 a second zedite d Y-type z«>Iite. with this arrangement, HC d which the rwmber d cartx>n is in the medium range and 
mdecular volume is in the medium range is adsorbed mainly on nnordenite while HC of which the number of cartx>n is 
larger and mdecular vdume is larger is adsorbed mainly on Y-type zedite. 

[0028] As described above, by combining ZSM-5, mordenite and Y-type zeolite with each other variously, various 
kinds d HC d which the nrtolecular volume ranges from a larger volume to a smaller volume can be adsorbed effec- 
55 lively. In the preceding examples, two d ZSM-5. mordenite and Y-type zeolite are contoined with each other. Atterna- 
tively. three d ZSM-5. mordenite and Y-type zedite nray l>e combined with each other. 

[0029] In case the Si02 /AI2O3 mde-ratio of ZSM-5 is less than 500. the SIO2 /AlgOs mde-ratio of mordenite is less 
than 100 and the Si02 /AI2O3 mole-ratio d Y-type zeolite is less than 200, the hydrophilk: property of each zeolite 
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increases to ^Isorb H2O molecules in exhaust gases, first, thus obstructing the adsorption of HC. Furthermore, under 
the corrditions of elevated temperatures (800 ''C or more), separation of alumirtium occuis so that the crystal structure 
tends to be broken to decrease the HC-acteorbing ability. 

10030] In case two of ZSM-5. mordenite and Y-type zeolite are combined with each other, the preferred weight ratio 
5 of the first zeolite having a smaller pore diameter to the second zeofite having a larger pore diameter ranges from 
50/50to 85/15, as disdos^ in the fourth a^ect of the present invention. When the first zeolite is less than the above 
range, the HC-adsorption rate decreases. By increasing the amount of the first zojlrte. as compared to the second zeo- 
lite, the HC-adsorption rate is remarkably improved. When the first zeolite is greater than 85 weight % of the entire zeo* 
lite, adsorption of HC having a larger number of caitxin and larger molecular volume becomes difficult, thereby 
10 decreasing the HC-adsorption rate. 

[0031 1 The HC-adsorbent in accordance with the present invention can be used by mixing the first zeoHte powder and 
second zeolite powder in the above-descrtoed composition ratios ard coatir^ the surface of a monolithic carrier or 
metal carrier with an obtained mixture. Alternatively, a coating layer of the first zedite powder and a coating layer of the 
second zeolite powder may be superimposed on the surface of the monolithic carrier or metal cannier in this order or 
IS reverse order. 

[0032] As shown in the fifth aspect of the present invention, it is preferable that the HC-adsorbent of the present inven- 
tion carries at least one of Ag and Pd. With this anBngement the adsorption rate of HC having a smaller nun^er of car- 
bon is further improved, wherry almost all kinds of HC in exhaust gases can be adsorbed. Namely, lower HC having 
the number of cartx>n of 3 or less, which is difficult to be adsorbed by zeolite, is chemically adsorbed by Ag and/or 

20 Pd.whereby the HC-adsorption rate is greatly improved. 

[0033] The prefenred amount of each of Ag and Pd carried ranges from 5 to 1 0 g per liter of HC-ooculudable notorial. 
If less than the above range, the desired effect due to Ag and Pd cannot be obtained. And if cp^eater than the above 
range, the effect due to Ag and Pd is saturated, and manufacturing costs are increased. When t>oth Ag and Pd are car- 
ried.the prefened total amount of Ag and Pd ranges from 5 to 10g per liter of HC-occuludable material. 

25 [0034] However, when two types of zeolite, which are selected from ZSM-S, mordenite and Y-type zeolite, are com- 
bined with each other, it is difficult to adsori^ HC of which the number of cart>on is 2 or less. Accordingly, as shown in 
the sixth aspect of the present invention, it is preferable to compose the HC-adsorbent of a first zeolite including ferri- 
erite, and a second zeolite including at least one of ZSM-5 of which the SiOa /AI2O3 mole-ratio is 500 or more. Y-type 
zeolite of which the Si02 /AI2O3 mole-ratio is 200 or more, and mordenite of which the Si02 /AI2O3 mole-ratio is 100 or 

30 more. The pore diameter of fen-ierite is 4 A. which is approximately equal to the molecular diameter of ethylene of which 
the number of cartoon is two. With the addition of femerite, the adsorbing ability against ethylene is inproved. 
[0035] In the HC-adsorbent of the sixth aspect, the second zeolite may be composed of at least one of ZSM-5 of which 
the SiOs /AI2O3 mole-ratio is 500 or more, Y-type zeolite of which the Si02 /AI2O3 mole-ratio is 200 or more, and mor- 
denite of which the Si02 /AI2O3 mole-ratio is 100 or more. One of the above nraterials will do, or a mixture of two or 

35 three of them can be used. The preferred second zeolite is a mixture of ZSM-5 and Y-type zeolite having the weight ratio 
of from 0/100 to 75/25. With this anangement. the HC^dsortjing ability is particularly improved. 
[0036] The preferred mixture ratio of the first zeolite of ferrierite ranges from 1 0 to 80 weight % of the total amount of 
zeolite. When less than 10 weight %, the effect due to the addition of fen^ierite is not obtained. When greater than 80 
weight %. the adsoft)lng ability against HC of which the number of cartx>n is 3 or more decreases. 

40 [0037] As shown in the seventh aspect of the present inventton. it Is preferable that f en-ierite canries at least one of Ag 
andPd. 

[0038] The Si02 /AI2O3 mole-ratio of ferrierite is not limited specifically, but the range from 10 to 200 is preferable. 
When the ratio is less than 10. the ion-exchanging site is large but the heat resistance is inferior. When the i^tio is 
greater than 200, the heat resistance is good but carrying of Ag or Pd becomes difficult. 

45 [0039] In the ZSM-5. mordenite and Y-type zeolite of which the Si02 /AI2O3 mole-ratio is larger, the ion-exctanging 
site is insufficient so that Ag or Pd which has been carried thereby t^s to move. Upon performing an endurance test 
at elevated temperatures, particle growth of Ag or Pd arises to decrease the HC-adsorbing ability. In contrast, with the 
arrangement of or Pd being carried by ferrierite, Ag or Pd is highly dispersed in the pores having smaller diameters 
and carried therein stably so that the particle growth due to the endurance test at elevated temperatures is restraint. 

so and consequently, the durability is further improved. 

[fmo] With the HC-adsorbent in accordance v^th the present invention, the HC-adsorption rate is improved, and 
since it exhibits a high heat-resistance, a high HC-adsorption rate can be ensured after endurance test. Furthermore, 
with the arrangement of carrying Ag or Pd. the HC-adsorption rate is further improved. 

[0041] Other objects, features, and characteristics of the present invention will become apparent upon consideration 
55 of the following description and the appended claims with reference to the accompanying drawings, all of which from a 
part of this specification. 
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BRIEF DESCRIPTION OF THE DRAWING 
[0042] 

5 FIG. 1 is a schematic diagram illustrating a device for purifying exhaust gases, in which an HC-adsorbent in accord- 
ance with the present invention is disposed. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS 

10 [0043] Hereinafter, the present invention will be explained in detail based on several embodiments and comparative 
examples. 

[0044] FIG. 1 illustrates a device for purifying exhaust gases with an HC-adsort>ent of the present invention. In this 
device, an engine 1 with a displacement of 2L has an exhaust pipe 2 in which a catalytic converter 3 provided with a 
three-way catalyst 30 is disposed, and an HC-adsoibing device 4 is disposed downstream of the catalytic converter 3. 
15 [0045] The HC-adsorbing device 4 has two exhaust gas passages. HC-adsorbent 5 is disposed in an exhaust gas 
passage40. and the other exhaust gas passage 41 acts as a by-pass passage. A change-over valve 42 adapted to 
switch the passages 40 and 41 is provided at the dovmstream side of the HC-adsort>ing devk^e 4. A pipe 6 is further 
provided downstream of the HC-adsorbent 5 so as to tDe communicated with the upstream side of the catalytic con- 
verter 3. 

20 [0046] With this device, when the engine is started, or in the cold state, tiie change-over valve 42 is operated to dose 
the passage 41 . This results in exhaust gases being discharged by way of the passage 40, and HC which has not been 
purified by the three-way catalyst 30 being adsorbed on tiie HC-adsoibent 5. 

[0047] When the temperature of the exhaust gases is elevated suffictentiy, the change-over valve 42 is operated to 
close the passage 40. This results in exhaust gases t>eing discharged by way of the passage 41 without passing the 
25 HC-adsorbent 5. HC which has been adsorbed on the HC-adsorbent 5 is desorbed therefrom. By opening a valve 61 . 
desort^ed HC is supplied to exhaust gases upstream of the three-way catalyst 30 by way of the pipe 6, and is purified 
witii the three-way catalyst 30. 

Emtxxiiment 1 : 

30 

[0048] 360 g of ZSM-5 powder (pore diameter : 5.5 A. Si02 /AI2O3 mole-ratio = 1900), 40 g of Y-type zeolite powder 
(pore diameter :8 A. SIO2 /AI2O3 mole-ratio = 400). 140 g of silica sol and 360 g of pure water were mixed together to 
prepare a slurry. 

[0049] A monolithic carrier of cordier'rte (volume 1 L, the number of cells : 400 cells /in^ was entirely coated with this 
35 slun7 unHbmfily, dried at 250'*C fbr 1 hour, and fired at 500 ""C for 1 hour to prepare an HC-adsort>ent of Embodiment 1 . 
The weight ratio of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating layer is 90 / 10. and the amount 
of tiie coating layer is about 200 g per liter of tiie monolittiic carrier. 

Embodiment 2: 

40 

[0050] An HC-adsorbent of the present embodiment was prepared, similarly to Embodiment 1 , except that the weight 
ratio of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating layer was 85 / 1 5. 

Emtxxiiment 3: 

45 

[0051] An HC-adsorbent of the present embodiment was prepared, similarly to EmkxxJiment 1 . except tiiat the weight 
ratio of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating layer was 75 /-SS. 

Embodiment 4: 

so 

[0052] An HC-adsorbent of the present embodiment was prepared, similarly to Embodiment 1 . except tiiat the weight 
ratio of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating layer was 50/50. 

EmtxxJiment 5: 

55 

[0053] An HC-adsoibent of the present embodiment was prepared, simiiarty to Emtxxiiment 1 . except that the weight 
ratio of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating layer was 25 / 75. 
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Compamtive example 1 : 

[0054] An HC-adsorbent of the present example was prepared, similarly to Entediment 1 . except that the weight ratio 
of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating l^er was 100/0. 

5 

Comparative example 2: 

[0055] An HC-adsort>ent of the present example was prepared, similarly to Emkxxiiment 1 . except that the weight ratio 
of ZSM-5 to Y-type zeolite (ZSM-5 / Y-type zeolite) in a resultant coating l^er was 0 / 1 00. 

10 

Emkxxliment 6: 

[0056] 300 g of ZSM-5 powder ( pore diameter : 5.5 A, SiOa /AI2O3 mole-ratio = 500). 100g of Y-type zeolite powder 
(pore diameter : 8 A. SiC^ /Al20^ mole-ratio = 200). 1 40 g of silica sol and 360 g of pure water were mixed together to 
IS prepare a slurry. 

VxisT] A coating layer was fbrmed with this slurry, similarly to Emt)odiment 1 . to prepare an HC-adsorbent of Embod- 
iment 6. The weight ratio of ZSM-5 to Y-type zeolite in the resultant coating layer is 75 / 25. and about 200 g of coating 
layer is formed per liter of the monolithic carrier. 

20 Comparative example 3 : 

[0058] 300 g of ZSM-5 powder ( pore diameter : 5.5 A. Si02 /AI2O3 mole-ratio = 100). lOOg of Y-type zeolrte powder 
(pore diameter : 8 A. Si02 /AI2O3 nx)le-ratio = 20), 140 g of silica sol and 360 g of pure water were mixed together to 
prepare a sluny. 

25 [0059] A coating layer was fbrmed with this slurry, similarly to Embodiment 1 . to prepare an HC-adsorbent of Com- 
parative example 3. The weight ratio of ZSM-5 to Y-type zeolite in a resultant coating layer is 75 / 25. and about 200 g 
of coating layer is fomned per liter of the monolithic can-ier. 

Embodiment 7: 

30 

[0060] 200 g of Y-type zeolite powder ( pore diameter : 8 A. SiOa /AI2O3 nx>le-ratio = 400), 70g of silica sol and 1 80g 
of pure water were mixed together to prepare a slurry. 

[0061 ] An underlying coating layer was fbrmed. using this slun^, simiterly to Enrtbodiment 1 . The amount of the under- 
lying coating layer is about 100 g per liter of the monolithic carrier. 
3S [0062] Next. 200 g of ZSM-5 powder ( pore diameter 5.5 A, SiOg /AI2O3 mole-ratio = 1900). 70g of silica sol and 180 
g of pure water were mixed together to prepare another slun-y. 

[0063] An upper coating layer.was fbrmed on the surface of the underlying coating layer, using the another slurry. The 
amount of the upper coating layer is about 100 g per liter of the monolithic carrier. 

40 Embodiment 8: 

[0064] An HC-adsorbent of the present embodiment was prepared, similarly to Emkxxliment 7, except that the under- 
lying coating layer and upper coating layer were composed reversely to those of Embodiment 7 to first form an under- 
lying coating layer of ZSM-5 on the nwnolithic carrier, and then, form an upper coating layer of Y-type zeofite on the 
45 underlying coating layer. 

Embodiment 9: 

[0065] The HC-adsorbent prepared in Embodiment 1 was immersed in an aqueous solution of pd ammine hydroxide, 
so which has a predetermined concentration, fbr 1 hour, and then, dried at 250 ""C fbr 1 hour so that a resultant coating 
layer canled about 10 g of Pd. 

Embodiment 10 : 

55 [0066] The HC-adsorbent prepared in Embodiment 1 was immersed in an aqueous solution of pd ammine hydroxide, 
which has a predetermined concentration, fbr 1 hour, and then, dried at 250<>C fbr 1 hour so that a resultant coating layer 
carried about 5 g of Pd. 
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EffdxxJiment 11 : 
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[0067] The HC^sorfoent prepared in Embodiment 1 was immersed in an aqueous solution of pd ammine hydroxide, 
which has a predetenrtined concentration, for 1 hour, and then, dried at 250^^ 
5 carried about 1 g of Pd. 

Embodiment 12 : 

[0068] The HC-adsort>ent prepared in Embodiment 1 was immersed in an aqueous solution of silver nitrate, which 
10 has a predetermined concentration, for 1 hour, and then, dried at 250^*0 for 1 hour so that a resultant coating layer car- 
ried about 10 g of Ag. 

Emlxxiiment 13 : 

15 C0069] The HC-adsorbent prepared in Embodiment 1 was immersed in an aqueous solution of silver nitrate, which 
has a predeterinned concentration for 1 hour, and then, dried at 250<'C for 1 hour so that a resultant coating layer car- 
ried aboutSgof Ag. 

Embodiment 14: 

20 

[0070] The HC-adsort>ent prepared in Embodiment 1 was immersed in an aqueous solution of silver nitrate, which 
has a predetermined concentration, for 1 hour, and then, dried at 250^0 for 1 hour so that a resultant coating layer car- 
ried about 1 g of Ag. 

25 Emtxxliment 15: 

[0071 ] 360 g of ZSM-5 powder ( pore diameter : 5.5 A. Si02 /AI2O3 mole-ratio = 1 900). 40g of mordenite powder (pore 
diameter: 7 A. Si02 /AI2O3 mole-ratio « 200), 1 40 g of silica sol and 360^ of pure water were mixed together to prepare 
a slurry. 

30 [0072] A coating layer was formed with this slurry, similarly to EnUxxjiment 1 , to prepare an HC-adsorbent of Embod- 
iment 15. The weight ratio of ZSM-5 to mordenite (ZSM-5 /mordenite) in the resultant coating layer is 90 / 10. and the 
amount of the coating layer is about 200 g per liter of the monolithic canrier. 

Embodiment 16: 

35 

[0073] An HC-adsorbent of the present embodiment was prepared, similarly to Emlxxiiment 15. except that the 
weight ratio of ZSM-5 to mordenite (ZSM-5 / mordenite) in a resultant coating layer was 85/15. 

Embodiment 17: 

40 

[0074] An HC-adsorbent of the present embodiment was prepared, similarly to Embodiment 15. except that the 
weight ratio of ZSM-5 to mordenite (ZSM-5 / mordenite) in a resultant coating layer was 75 /25. 

Embodiment 18: 

45 

[0075] /\n HC-adsori3ent of the present errixxjiment was prepared, similarly to Emtxxiiment 15. except that the 
weight ratio of ZSM-5 to mordenite (ZSM-5 / mordenite) in a resultant coating layer was 50 / 50. 

Emtxxiiment 19: 

50 

[0076] An HC-adsorbent of the present emkxxliment was prepared, ^milarly to Emtxx:iiment 15, except that the 
weight ratio of ZSM-5 to mordenite (ZSM-5 / mordenite) in a resultant coating layer was25 / 75. 

Emtxxiiment 20: 

55 

[0077] 360 g Of mordenite powder (pore diameter: 7 A. SiOa/AlgOs mole-ratio = 200). 40g of Y-type zeolite (pore diam- 
eter: 8 A. Si02 /Ai203 mole-ratio = 400), 140 g of silica sol and 360 g of pure water were mixed together to prepare a 
slurry. 
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{0078] A coating layer was formed with this slurry, similarty to Embodiment 1 , to pr^|>are an HC-adsorfoent of Embod- 
iment 20. The weight ratio of mordenite to Y-type zeolite (mordenite / Ytype zeolite) in the resultant coating layer is 90 
/ 10, and the anx)unt of the coating layer is about^OO g per liter of the monolithic carrier. 

Embodiment 21: 

[0079] An HC-adsorbent of the present embodiment was prepared, similarly to Embodiment 20, except that the 
weight ratio of mordenite to Y-type zeoHte (mordenite/Y-type zeolite) in a resultant coating layer was 85/15. 

Embodiment 22: 

[0080] An HC-adsorbent of the present embodiment was prepared, similarly to Embodiment 20, except that the 
weight ratio of mordenite to Y-type zeolite (mordenite/Y-type zeolite) in a resultant coating layer was 75 / 25. 

Embodiment 23: 

[0081] An HC-adsorb^ of the present embodiment was prepared, similarly to Embodiment 20. except that the 
weight ratio of mordenite to Y-type zeolite (mordenite/Y-type zeolite) in a resultant coating layer was 50 / 50. 

Embodiment 24: 

[0082] An HC-adsorbent of the present embodiment was prepared, similarly to Embodiment 20, except that the 
weight ratio of mordenite to Y-type zeolite (mordenite/Y-type zeolite) in a resultant coating layer was 25 / 75. 

Comparative example 4: 

[0083] 400 g of nwrdenite powder (pore diameter: 7 A, Si02/Al203 mole-ratio = 200), 1 40g of silica sol and 360 g of 
pure water were mixed together to prepare a slurry. 

[0084] A coating layer was formed with this slurry, similarly to Embodiment 1 . to prepare an HC-adsorbent of Com- 
parative example 4. The amount of the coating layer is about 200 g per liter of the nxDnolrthic carrier. 

Comparative example 5: 

[0085] 300 g Of mordenite powder ( pore diameter: 7 A, Si02/Al203 mole-ratio = 30), lOOg of Y-type zeolite powder ( 
pore diameter : 7 A. Si02 /AI2O3 mole-ratio = 400). 140 g of silica sol and 360 g of pure water were mixed together to 
prepare a slurry. 

[0086] A coating layer was formed with this slurry, similarly to Embodiment 1. to prepare an HC-adsorbent of Com- 
parative example 5. The weight ratio of mordenite to Y-type zeolite (mordenite/Y-type zeolite) in the coating layer is 75 
/25, and the amount of the coating layer is about 200 g per liter of the monolithic carrier. 

Experiment and Evaluation: 

[0087] The HC-adsorbents thus prepared were respectively secured to the exhaust system of an actual gasoline 
engine.and an endurance test was performed by operating the gasoline engine at an exhaust gas temperature of 800 
^'C for 100 hours. The HC-adsorbents atter the endurance test were respectively disposed in the HC-adsoibing device 

4 shown in FIG. 1 , and the HC-adsorption rate of each HC-adsorbent was measured. The measurement resulte are 
shown in TABLES 1 and 2. 

[0088] WitNn the catalytic converter 3, the three-way catalyst 30 having a volume of 1 U which carries catalytic noble 
metals in the R / Rh ratio of 1 .5 / 0.3 (g/L). is disposed. An engine 1 was started at 1 000 to 1 1 00 rpm while the passage 
41 is closed with the change-over valve 42. and the HC concentrations upstream and downstream of the HOadsorbent 

5 are measured for 60 seconds to obtain HC-adsorption rates. 
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TABLE 1 





First zeolite 
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Type 


SiOi / 
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SiOi / 


s i t i on 
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Al 1 Oa 


ratio 




ZSH-5 
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400 

7 w V 


90/10 


0 

ft 


ZSH-5 
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1 i>/ ye 


400 
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85/15 
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ZSM-5 


1900 




400 


75/25 


4 


ZSM-5 


1900 




400 


50/50 


5 


ZSN-5 


1900 


Y-type 


400 


25/75 


Comparative 














ZSM-5 


1900 






100/0 


2 






Y-type 


400 


0/100 


Embodiaent 6 


ZSM-5 


500 


Y-type 


200 


75/25 














exaaple 3 


ZSM-5 
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Y-type 


20 


75/25 




Upper 


layer 


Underlying layer 






zeolite 


zeolite 




Enbodinent 7 


ZSM-5 


1900 


Y-type 


400 


50/50 


8 


Y-type 


4O0 


ZSM-5 


1900 


50/50 




First 
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Second zeolite 




EnbodiDent 9 


ZSM-5 
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Y-type 


400 


75/25 


10 


ZSM-5 


1900 


Y-type 


400 


75/25 


11 


ZSM-5 


1900 


Y-type 


400 


75/25 


12 


ZSH-5 


1900 


Y-type 


400 


75/25 


13 


ZSM-5 


1900 


Y-type 


400 


75/25 


14 


ZSM-5 


1900 


Y-type 


400 


75/25 



9 



EP0914 8e4A2 



TABLE 1 -continued 
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76 
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70 


2 
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75 


Eabodiaent 6 






80 
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exanple 3 






68 


Enbodinent 7 






81 


8 






80 


Eabodiment 9 


Pd 


lOg 


86 


10 


Pd 


5g 


86 


11 


Pd 


Is 


83 


12 


Ag 


lOg 


88 


13 


Ag 


5g 


87 


14 


Ag 


Ig 


81 



[0089] As is apparent from the conparison between Embodiments 1 through 5 and Comparative examples 1 and 2, 
HC-adsorption rate was improved by mixing ZSM-5 and Y-type zeolite together, as compared to the case only ZSM-5 
or Y-type zeolite is used. and. the most preferred oompostion ratio ( ZSM-5 / Y-type zeolite) ranges from 50/50 to 85/15. 
Namely, lower HC having a small number of carbon Is difficult to be adsorbed, and accordingly, it is effective to use a 
larger amount of ZSM-5 exhbiting high CKlsorption properties there against, as compared to the Y-type zeolite. 
[0090] Furthermore, as is apparent from the comparison between Embodiments 3 and 6 and Comparative example 
3, the preferred SiOa/AlgOa mole-ratio of ZSM-5 is 500 or more, and the preferred Si02/Al203 mole-ratio of Y-type zeo- 
lite is 200 or more. It can be considered that as the Si02 /AI2O3 mole-ratio increases. H2O becomes more difficult to be 
adsort>ed. and consequently, the HC-adsorption rate also increases. 

[0091] In adcfition. as is apparent from the comparison between Embodiment 4 and Embodiments 7 and 8. similarly 
high HC-adsorption rates can be obtained with the combination of ZSM-5 and Y-type zeolite in the form of superim- 
posed coating layers as well as in the form of powered mixtures, and as is apparent from the comparison between 
Erhbodiment 7 and Embodiment 8, such high HC-adsorption rates of the superimposed coating layers of ZSM-5 and Y- 
type zeolite do not depend on the superimposing order of ZSM-5 layer and Y-type zeolite layer. 
[0092] And as is apparent from the comparison between Embodiment 3 and Embodiments 9 through 14. the HC- 
adsorption rate is further improved with Pd or Ag carried by the zeolite coating layer, and it is preferakile that a larger 
amount of Pd or Ag within the range from 1 to 10 g/L is carried thereby. 
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TABLE 2 
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TABLE 2 -continued 
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16 
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— 


78 


17 


** 
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79 


19 






73 
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78 
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80 
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81 


24 






74 


Comparative 
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72 


5 






70 



35 [0093] TABLE 2 shows that where the first zeolite arxi secorKi zeolite are composed of a combination of ZSM-5 and 
mordenite. or mordenite and Y-type zeolite, high HC-adsorption rates similar to those of the preceding embodiments 
can be obtained. The prefenred conposition ratio of the first zedite to second zeolite (first zeolite/second zeolite) ranges 
from 50/50 to 85/15. TABLE 2 also shows that when the Si02 /AI2Q3 mole-ratio of mordenite is 30^ the HC-absorption 
rate is low. 

40 

Embodiment 25: 

[0094] 200 g of fen^ierite powder ( pore diameter : 4 A .Si02 /AI2O3 mde-ratio - 60). 80 g of -ZSM-S powder {pore 
diameter : 5.5 A. Si02 /AI2O3 mole-ratio » 1900), 120 g of Y-type zeolite powd^ (pore diameter : 8 A. Si02 /Al^3 mole- 
45 ratio 400). 1 40 g of silica sol and 360 g of pure water were mixed together to prepare a slurry. 

[0095] A coating layer was fbntied witii this slunry, similarly to Embodiment 1 . to prepare an HC-adsorbent of Errbod- 
iment 25. The weight ratio (ferrierite/ZSM-5A'-type zeolite) in the resultant coating layer is 50/20/30» and the amount of 
the coating layer is about 200 g per fiter of the monolithic carrier. 

so ErTtxxJiment 26: 

[0096] 40 g of ferrierite powder (pore diameter : 4 A, Si02 /AI2O3 mole-ratio = 60) was immersed in an aqueous solu- 
tion of silver nitrate, which has a predetermined concentration, for 1 hour, and tiien. dried at 250*^0 for 1 hourw that 
ferrierite can-ied 5g of Ag. 

55 [0097] The entire anxHint of thus prepared ferrierite powder carrying Ag, 240 g of ZSM-5 powder (pore cfiameter : 5.5 
A. Si02 /AI2Q3 mole-ratio « 1900), 120g of Y-type zeolite powder (pore diameter : 8 A. 8162 /AI2O3 mole-ratio = 400). 
1 40 g of silica sol and 360 g of pure water were mixed together to prepare a slurry. 

[0098] A coating layer was formed witii this slurry, similarly to Embodiment 1 , to prepare an HC-adsorbent of Embod- 
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im^ 26. The weight ratio (ferrierite/ZSM-5/Y-type zeolite) in the resultant coating layer is 10/60/30, arxJ the amount of 
the coating layer is about 200 g per liter of the monolitftic carrier. 



Embodiment 27: 

5 

[0099] 200 g of ferrierite powder (pore diameter : 4 A, SiO^ /AI2O3 mole-ratio » 60) was immersed in an aqueous solu- 
tion of silver nitrate, which has a predetermined concentration, for 1 hour, and then, dried at 250**C for 1 hour so that 
ferrierite canied 5g of Ag. 

[0100] The entire amount of thus prepared femerite powder carrying Ag. 80 g of ZSM-5 powder ( pore diameter: 5.5 
10 A, 8162 /AI2O3 mole-ratio = 1900), 120g of Y-type zeolite powder (pore diameter: 8 A, SiC^ /AI2Q3 nx)le-ratio = 400), 
140 g of silica sol and 360 g of pure water were mixed together to prepare a slurry. 

[0101 ] A coating layer was formed with this slurry, similarly to Embodiment 1 . to prepare an HC-adsorbent of Emtxxf- 
iment 27. The weight ratio (fen^ierite/ZSM-S/Y-type zeolite) in the resultant coating layer is 50/20/30. and the amount of 
the coating layer is about 200 g per liter of the nx>nolithic carrier. 

IS 

Emtxxjiment 28: 

[0102] 320 g of ferrierite powder ( pore diameter : 4 A. SiOa /AI2O3 mole-ratio s 60) was immersed in an aqueous 
solution of silver nitrate, which has a predetermined concentration, for 1 hour, and then, dried at 250^0 for 1 hour so 

20 that ferrierite carried 5g of Ag. 

[0103] The entire amount of thus prepared ferrierite powder carrying Ag. 80 g of Y-type zeolite powder (pore diameter 
: 8 A. Si02 /AI2O3 mole-ratio = 400), 140 g of silica sol and 360 g of pure water were mixed together to prepare a slurry. 
[0104] A coating layer was formed with this slurry, similarly to Embodiment 1 . to prepare an HC-adsorbent of Embod- 
iment 28. The weight ratio (ferrierrte/Y-type zeolite) in there sultant coating layer is 80/20, and the amount of the coating 

25 layer is atx>ut 200 g per liter of the monolithic carrier. 

Embodiment 29: 

[0105] 360 g of ferrierite powder (pore diameter : 4 A. Si02 /AI2O3 nrxsle-ratio - 60) was immersed in an aqueous solu- 
30 tlon of silver nitrate, which has a predetermined concentration, lor 1 hour, and then, dried at 250**C for 1 hour so that 
ferrierite carried 5g of Ag. 

[0106] The entire amount of thus prepared ferrierite powder carrying Ag. 40 g of Y-type zeolite powder (pore diameter 
: 8 A. Si02 /AI2O3 mole-ratio = 400). 140 g of silica sol and 360 g of pure water were ntixed togetiier to prepare a slunry. 
[0107] A coating layer was formed with tills slurry, similarly to Embodiment 1 . to prepare an HC-adsortsent of Embod- 
35 iment 29. The weight ratio (ferrierite/Y-type zeolite) in there sultant coating layer is 90/1 0. and the amount of tiie coating 
layer is about 200 g per liter of the monolithic carrier. 

Experiment and Evaluation: 

40 [01 08] The HC-adsorbents of Embodiments 25 tiirough 29 were subjected to tiie endurance test similar to tiie cases 
of Emtxxiiments 1 through 24. The HC-adsorption rates after the endurance test were measured, similariy The meas- 
urement results are shown in TABLE 3. In TABLE 3. the measurement result of Embodiment 12 is also shown. 



TABLES 





Composition ratio 








Rrst zeolite 


Second zeolite 


Entire Ag-carry- 
ing amount 


HC-adsorption 
rate (%) 




Ferrierite 


Ag-canrying 
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Y-type zeolite 






Embodiment 














25 


50 




20 
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83 


26 
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60 


30 


5g 
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50 


5g 
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TABLE 3 (continued) 





Composition ratio 








RiBt zeolite 


Second zeolite 


Entire Ag-carry- 
ing amount 


Hemadsorption 
rate{%) 




Ferrierite 


Ag-carrying 
amount 


ZSM-5 


Y-type zeolite 






EmbotGment 














28 


80 


5g 




20 


5g 


91 


29 


90 


5g 




10 


5g 


79 


12 






75 


25 


lOg 


88 



IS 

[0109] As is apparent from TABLE 3. the HC-adsorbent of Embodiment 25 exhibits a high HC-adsorption rate (after 
endurance test), as compared to Embodiments 1 through 8 and Embodiments 15through24, which shows that the HC- 
adsorption rate is further improved by adding ferrierite to the mixture of ZSM-5 and Y-type zeolite. 
[01 10] Furthermore, witii the arrangement where femerite further canies Ag, a high HC-adsorption rate of 90 % or 
20 more is obtained, which shows that the HC-adsoibing ability of this arrangement is higher than that of Embedment 12 
which can-ies 10 g of Ag. This table also shows that where the composition ratio of fenrterite ranges from 10 to 80 weight 
of the entire mixture, an especially high HC-adsorbing ability can be obtained. 

[01 1 1 ] While the invention has been described in connection with what are considered presentiy to be the most prac- 
tical and preferred embodiments, it is to k>e understood that the invention is not limited to the disclosed embodiments, 
25 txjt. on the contrary, is intended to cover various modifications and equivalent arrangements included within the spirit 
and scope of the appended claims. 

Claims 

30 1 . A hydrocait)on-adsorbent comprising: 

a first zeolite composed of ZSM-5 having a silica/alumina (Si02 /AI2O3) mole-ratio of 500 or more; arKi 

a second zeolite composed of Y-type zeolite having a silica/alumina (SiOa /AI2O3) mole-ratio of 200 or more. 

35 2. A hydrocartx)n-adsorbent comprising: 

a first zeolite composed of ZSM-5 having a silica/alumina (Si02 /AI2O3) mole-ratio of 500 or more: and 
a second zeolite composed of nx)rdenite having a silica/alumina (Si02 /AI2O3) mole-ratio of 100 or more. 

40 3. A hydrocartx)n-adsorbent comprising: 

a first zeolite composed of mordenite having a silica/alumina (Si02 /AI2O3) mole-ratio of 100 or more; and 

a second zeolite composed of Y-type zeolite having a silica/alumina (Si02 /AI2O3} mole-ratio of 200 or mora 

45 

4. A hydrocaitx>n-adsorbent as clatmed in claim 1 . 2 or 3. wherein the weight ratio of said frst zeolite to said second 
zeolite (first zeolite/second zeolite) ranges from 50/50 to 85/15 

5. A hydrocartx>n-adsort)ent as claimed in daim 1, 2 or 3, wherein at least one of said first zeolite and ^id second 
^ zeolite carries at least one of silver (Ag) and palladium (Pd). 

6. A hydrocart)on-ad8orbent comprising: 

a first zeolite composed of ferrierite; arxl 
55 a second zeolite composed of at least one of ZSM-5 having a silica/alumina (SiOg /AI2O3) mole-ratio of 500 or 

more. Y-type zeolite having a silica/alumina (Si02 /^z^s) mole-ratio of 200 or more and mordenite having a 
silica/atumina (Si02 /AI2O3 )mole-ratio of 100 or more. 
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A hydrocaifoon-adsorfoent as claimed in daim 6, wherein said fenierite canies at least one of silver (Ag) and palla- 
dium (Pd). 

A hydrocaitxm-adsorbent as claimed in daim 6. wherein a ^lica/aiumina (SlOg /AI2Q3) mole-ratio of said fenierite 
ranges from 1 0 to 200. 
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FIG. 1 
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